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be produced from l o w  molecular weight paraff ins  than from high molecularl 1 
w e i g h t  paraff ins .  

The reforming react ion can be e i t h e r  exothermic o r  endothermid 
depending on the  temperature and pressure. Increases i n  pressure cause; 
the react ion t o  become more exothermic, whereas increases i n  temperature 
cause the  opposite e f f e c t .  The react ion becomes progressively less 1 
exothermic as the feed  steam/carbon r a t i o  i s  increased. 
exothermicity increases  with increases in molecular weight. 
Reforming Studies with n-Hexane Feedstock 

The degree of 

i: 

Space Velocity 

I n i t i a l  s tud ies  were made with pure grade E-hexane t o  deter- ! 
mine the reaction stiochiornetry, approach t o  equilibrium, and the 
ca t a lys t  behavior without complicating fac tors  such as ca ta lys t  p0isons.J 
The feedstock space veloci ty  was the f i r s t  process variable studied 
t o  measure the m a x i m  ca ta lys t  a c t i v i t y  under the most i dea l  conditions 
The e f f ec t  of space veloci ty  on product gas composition was also noted. 
A t  space-time yields over 50,000 SCF/cubic foot ca ta lys t  per hour, 98 
percent of the  hexane could be converted t o  gaseous products. When 
conversions dropped below 100 percent, the major e f f e c t  of an increase 
i n  space veloci ty  on gas composition was a decreased methane content I and an increased hydrogen content of the product gas (Fig.  6 ) .  The 
carbon dioxide content of the gas remained e s sen t i a l ly  constant. Carbon 
monoxide remained negl ig ib le  over the e n t i r e  range of space velocity. I 
Even a t  the highest  space veloci ty  used, t he  heating value of the pro- ' 
duct gas could be rajsed t o  about 850 Btu/SCF by simply scrubbing out 
carbon dioxide t o  a f inal  content of 2 mole percent. T h i s  could be 
sa t i s fac tory  f o r  peakshaving. 

Because t h e  carbon monoxide content of the gas w a s  so low, 
approaches t o  equilibrium could not be calculated accurately for  runs 
a t  nearly complete conversion and low space velocity.  
that a l so  makes it d i f f i c u l t  t o  calculate  approaches t o  equilibrium 
i s  the presence of a hot spot within the  ca t a lys t  bed, which indicates  ' 
that the  react ion may occur i n  a very narrow zone. I 
f i l e s  were measured i n  three runs (Fig. 7 ) .  The gas compositions f o r  ( 
these runs correspond t o  equilibrium at  the temperatures measured near 
the bottom ( e x i t )  o f  the ca ta lys t  bed, which i s  what would be expected.' 

1 One other factor  

Temperature pro- 

Steam/Hydrocarbon Ratio I 
The next series of t e s t s  w a s  made t o  show the  e f f ec t  o f  the 

steam/hydrocarbon r a t i o  on as composition (Fig. 8)  and t o  determine c 
the  m i n i m  p r a c t i c a l  steam7hydrocarbon r a t io .  The trends shown are (1 
approximately the same as predicted by equilibrium calculations.  The 
lack of complete temperature p ro f i l e  data makes it d i f f i c u l t  t o  show 
how closely the t rends agree with equilibrium predictions.  Steam/hydro- 
carbon weight r a t i o s  as low as 1.6 (molar r a t i o  o f  7.7) were shown to  
be adequate t o  prevent carbon deposition. The product gas h a t i n g  
Value a t  this low r a t i o  was about 774 Btu/SCF. It could be raised to  
457 Btu/SCF i f  the exit gas carbon dioxide were reduced t o  2.0 mole 
percent by scrubbing. 

Reforming of Various Feedstocks 

When the  ca t a lys t  developed proved t o  be capablb of reforming 
pure 2-hexane successf'ully a t  low steam/hydrocarbon r a t io s ,  we decided 
t o  test  a var ie ty  of  feedstocks having a wide range of molecular weight' 

, 
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and various types of hydrocarbons. 
with g-octane and benzene t o  show whether heavier paraff ins  and 
aromatics could be reformed and whether the gases produced could be 
predicted by equilibrium calculations.  

summarized i n  Table 2. The steam/hydrocarbon r a t i o s  were deliberately 
Set high t o  avoid possible carbon formation with these heavier o r  
aromatic feedstocks. 

The f i rs t  tests were conducted 

Test r e su l t s  fo r  e-octane and benzene reforming are 

Table 2. -!TEST RESULTS FOR STEAM REFORMING 
OF G-OCTANE AND 

Feedstzck 
Pressure, psig 
Temperature a t  Center of Bed, "F 
Steam/Hydrocarbon Weight Ratio 
Hydrocarbon Space Ve l o c i  t y, 

Product Gas Composition, 

lb/hr-cu f t  ca ta lys t  

mole % (water-free) 
Nz + CO 
co2 
H-2 

n-Octane 
375 
768 

2.07 

300 

0.4 
21.7 
11.3 
66.4 
0.2 -- 

100.0 

Benzene 
353 
905 

4.42 

324 

0.9 
30.7 
31- 3 
36.7 -- 

0.4  
100.0 

Scrubbed G a s  Composition, 
mole $ (water-free) 

+ co 0.5 1.3 
co2 2.0 2 .0  

14.2 44 .3  H-2 
CH4 
CsHs 
c 6H6 

83.1 52.4 

T o t a l  100.0 100.0 
Scrubbed Gas Heating Value, Btu/SCF 879 675 

-- 0.2 -- -- 

The remaining commercial feedstocks studied were propane, 
l i gh t  naphtha, l i gh t  kerosene, and JP-4 j e t  fuel .  The r e s u l t s  w i t h  
these feedstocks are given i n  Table 3. A s  can be seen, a higher 
methane content gas can be produced from the l igh ter  hydrocarbons. 
T h i s  r e su l t  agrees w i t h  r e su l t s  of equilibrium calculations shown i n  
Fig. 5. These feedstocks were a l l  highly paraff inic ,  of course, but 
as can be seen from Table 1, the kerosene contained 1.1 volume percent 
o le f ins  and 5.3 volume percent aromatics; the naphtha contained 2.0 
volume percent aromatics, and the j e t  f u e l  contained 4.6 volume per- 
cent olef ins  and 10.6 volume percent aromatics. T h i s  indicates  that 
over short  t i m e  periods, aromatics and o le f ins  a re  not l i ke ly  to  be 
a problem. However, e a r l i e r  s tudies  on the methanation process have 
shown tha t  sulfur  compounds may react  with the n icke l  i n  n icke l  
ca ta lys t s  a h o s t  quant i ta t ively,  resul t ing i n  ca ta lys t  poisoning. 
Therefore, fo r  commercial operation, low-sulfur-content feedstocks 
irou Id  be preferred. 
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